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INTRODUCTION
Effective,  active cellular  (Ratcliffe and Rowley,
1979) and humoral immunity have evolved in insects (Dunn,
1990),  although  none  display  the  high  degree  of
specificity  found  in  vertebrates.  Research  on
immunization  of  insects  has  been  mostly  done  by
"vaccination",  inoculation  of  small  or  inactive
quantities in larvae and pupae.  Humoral immunity can be
induced in insects by different ways, such as injection
of either live,  non-pathogenic bacteria or heat-killed
pathogens (Boman, 1985), simple wounds to the integument
inflicted with a sterile needle  (Gotz and Boman,  1985;
Okada  and  Natori,  1985),  injection  of  sterile,
ultrafiltered saline (Dunn and Drake, 1983), injection of
bacterial  cell  walls  or  bacterial  cell-wall
peptidoglycan,  injection of toxic protein venom (Kanost
et al., 1988).  Therefore, the general endocrine immunity
of insects has been extensively studied.
Ingestion  of  contaminated  food  is  a  likely  but
unexplored route of infection for insects.  The salivary
glands  of  adult  mosquitoes  are  the  principal  route
through which arthropod-borne pathogens are transmitted
and the glands serve in sugar feeding and blood vessel2 
location.  Bacteriolytic activity in salivary glands of
both  male  and  female  Aedes  aegypti  (Rossignol  and
Lueders, 1986) has been found to protect against  Gram-
positive bacteria in sugar  sources,  just as  a  strong
anti-bacterial  agent  in  vertebrate  systems,  lysozyme
(Fleming, 1922).  It is secretory, as an exocrine immune
activity.
The objectives of this study were to investigate the
induction  of  bacteriolytic  activity  in  the  salivary
glands of female Aedes aegypti (Linn.) by the oral route
and  to  assess  the  possible  existence  of  salivary
bacteriostatic activity against Gram-negative bacteria.3 
CHAPTER 1: REVIEW OF LITERATURE
Mosquito salivary glands and components
Saliva provides  two main  functions  of  enhancing
feeding  behavior  of  adult  mosquitoes,  namely,  blood
vessel  location  and  sugar-feeding  (Ribeiro  et  al.,
1984b).  The paired salivary glands  of  mosquito are
located in the thorax.
There are some differences between male and female
salivary glands structure,  which result  in  functional
differences.  Only female feed on blood, which provides
protein  for  egg  development.  The  morphological
differences develop following mosquito emergence (Orr et
al.,  1961).  Generally,  the salivary glands of female
Aedes aegypti are composed of two lateral lobes and  one
median lobe, all lobes are connected to  a main salivary
duct.  The  lateral  lobes  are  made  up  of  proximal,
intermediate, and distal portions and the median  lobes
are made up of intermediate and distal portions.  There
are three glandular regions,  the proximal  and distal
portion of the lateral lobe and distal portion  of the
median  lobe.  Two non-glandular regions,  intermediate 
portions  of  lateral  and median  lobes,  have membrane 
developments  similar  to  tissues  functioning  in  water 
transport.  It  has  been  suggested  that  the  dense 
secretory material of distal portions of the salivary4 
gland may be hydrated by the active secretion of water at
these portions (Janzen and Wright, 1971).
The enzymes involved in sugar feeding appear to be
produced in the proximal lateral lobes, which are similar
to adult male salivary glands in function and morphology.
The  enzymes  produced  in  the median  lobe  and  distal
lateral lobes appear to be female specific and related to
blood  feeding  (Poehling,  1979).  The  control  of
salivation is still not clear.  It has been suggested
that the  secretory activity  of  female  salivary gland
depends on the type  of meal taken  (Marinotti  et  al,
1990).
The products that have been found in adult female
salivary glands so far are shown in Table 1.1 (from James
and Rossignol, 1991).  The agglutinin is somewhat vector-
and  host-specific  and  probably  is  an  anti-bacterial
lectin or just an artifact (James and Rossignol,  1991).
The anti-coagulant is the first component identified and
probably functions  in digestion although  it  is  anti­
haemostatic  (James and Rossignol,  1991).  The apyrase
inhibits  platelet  aggregation  and  facilitates  blood-
feeding of female mosquitoes.  The bacteriolytic factor
is related to sugar feeding, because the adult mosquito
starts sugar-feeding when the bacteriolytic activity is
high  (Pimentel and Rossignol,  1990).  The haemostatic
function  of  histamine  in  mosquito  salivary  gland  is
confusing, because many blood-feeding arthropods secrete5 
anti-histamine  factors  in  their  saliva  to  facilitate
blood-feeding.  The  vasodilator  can  combat  vaso­
constriction, one of the principal haemostatic responses
of the host.  The a-amylase, esterase, a-glucosidase and
D7 function in the metabolism of sugar meals (James and
Rossignol, 1991).  The functions of some components shown
by electrophoretic analyses (Racioppi and Spielman, 1987)
are still not clear.
Sugar feeding
The majority of sugar sources for adult mosquitoes
are nectar and honeydew.  It is validated by radioactive
phosphorus that Aedes communis  (DeGeer) takes up nectar
from flowers (West and Jenkins, 1951).  Mosquitoes take
meals of floral nectar from a large number of different
plant species during the early night-time hours (Sandholm
and Price, 1962).  Extrafloral sources such as nectaries
on leaves, stems and plant juices from damaged leaves and
fruit are also important for mosquitoes  (Haeger,  1955;
McCrae et al.,  1969; Joseph,  1970; Abdel-Malek,  1961  &
1964; Haeger and Hansen,  1971).  Honeydew secreted by
aphids is the second important food source for mosquitoes
(Hanger, 1955).
Sugar feeding affects the behavior  of mosquitoes
including  survival,  flight,  mating  and  reproduction.
Sugar is directed to flight energy (Hocking, 1953; Nayar
and Van Handel, 1971) and the excess sugars are rapidly6 
converted  into  glycogen  and  fat  (Van  Handel,  1984).
Sugar feeding can inhibit the blood feeding behavior of
Aedes aegypti temporarily (Jones and Madhukar, 1976) and
delay  oviposition  in  several  species.  Generally,  a
critical volume  of blood is necessary for a mosquito to
develop a batch of eggs.  It was also shown that sugar is
important  for  oogenesis.  Ingestion  of  sugar  can
accomplish the development of eggs even if the mosquitoes
only take a partial blood meal (Edman and Lynn,  1975).
The ovarian follicles of these mosquitoes can develop to
the pre-vitellogenic stage whereas that of those deprived
of sugar remain as teneral follicles  (Mer,  1936).  The
egg maturation and behavior of gravid Aedes aegypti are
affected by a single meal of sucrose (Klowden, 1986).
It is known that both longevity and biting frequency
are  important  to  a  mosquito's  ability  to  transmit
pathogens.  The blood-feeding frequency  of mosquitoes
Aedes aegypti was increased during the first gonotrophic
cycle when they were deprived of sugar after blood meal
(Foster  and  Eischen,  1987).  The  frequency  of  the
expression  of  autogeny  in  the  crabhole  mosquito,
Deinocerites cancer,  was decreased when sugar was not
available.  Also, the females produced more eggs if sugar
was available (O'Meara and Petersen,  1985).  Therefore,
sugar availability is critical in the vectorial capacity
of mosquitoes.7 
Insect immunity
A pathogen is defined as "a microorganism capable of
producing  disease  under  normal  conditions  of  host
resistance and rarely living in close association with
host  without  producing  disease"  (Steinhaus  and
Martignoni, 1967).  Insects are the most abundant animals
on earth, and the estimated number of individual insects
may be as high as 1018 at a given time (Wigglesworth,
1964).  Despite  the  existence  of  large  number  of
pathogens of insects (Burges, 1981), the thriving insects
indicate  that  insects  have  effective  defensive
mechanisms.
Different life stages,  short life spans and rapid
reproduction, make immunological mechanisms difficult to
investigate  in  insects.  The  sclerotized  integument
(cuticle) and the peritrophic membrane of insects  serve
as effective passive physical barriers to predation and
colonization for the insects (Dunn, 1990).  Insects also
have active cellular  (Ratcliffe and Rowley,  1979)  and
humoral immune mechanisms.  These mechanisms made insects
acquire  a  protected  (immune)  state  after  surviving
bacterial infections  (Brehelin,  1986;  Dunn,  1986;  Gotz
and Boman, 1985; Ratcliffe et al., 1985).
Cellular immunity
The  cell-mediated  immune  response  (CMI)  in
vertebrates  is  mediated  by  lymphocytic  cells.  This8 
response is specific and can generate a greatly enhanced
response  on  secondary  exposure  to  the  same  antigen.
Since insects are primitive animals,  its  CMI  is very
different  from  that  of  vertebrates.  Two  common
approaches are useful  for monitoring CMI  in  insects,
encapsulation reaction and rejection of foreign tissues.
Different types of blood cells protect insects from
invading  microorganisms  (Boman  and  Hultmark,  1987).
Based on the investigation of haemocytes in 15  insect
orders,  six  cell  types  were  classified  (Price  and
Ratcliffe, 1974).  They are prohemocytes, plasmatocytes,
granulocytes (granular cells), coagulocytes (cystocytes),
spherulocytes (spherule cells), and oenocytoids.  As with
most other invertebrates, insects have an effective means
to  phagocytize  small  agents  such  as  bacteria  or
unicellular fungi.  Larger  aggregates of foreign cells
or parasites,  such as nematodes,  are encapsulated with
the cooperation of many hemocytes  (Boman and Hultmark,
1987).  Encapsulation is an inducible process (Carton and
Kitano,  1979)  and  it  depends  on  the  innate
characteristics of the insect's physiology which are not
relevant to immunity or recognition of foreignness (Karp,
1990).
Tissue transplantation has been employed to evaluate
CMI of insects in many recent studies (George and Karp,
1986).  However, due to different methods of evaluating a
graft's  fate,  there  is  still  a disagreement over the9 
extent  of  the  host's  ability  to  recognize  foreign
tissues.
Humoral immunity
Antibacterial humoral factors of the waxmoth larvae,
Galleria  mellonella,  were  the  first  biochemical
contribution  to  insect  immunity  against  bacterial
infection (Hink and Briggs, 1968; Stephens,  1962; Dunn,
1990).  Humoral immunity in insects has been studied for
over 20 years, and it can be induced by an injection of
either  live,  non-pathogenic  bacteria  or  heat-killed
pathogens  (Gotz  and  Boman,  1985).  Phagocyticized
bacteria continued to live for up to 1 wk, in some cases.
The complexes of granulocytes with bacteria and other
hemocytes has been found to be associated with fat body
and pericardial cells  (Abu-Hakima,  1981;  Faye,  1978).
There are some inducible immune factors (Gotz and Boman,
1985) and some immune humoral factors normally present in
the hemolymph (Boman et al., 1986).
I. Inducible antibacterial factors
Many insects produce a potent antibacterial activity
after a bacterial infection (Boman, 1986).  The activity
composed of the synthesis of RNA and specific proteins
continues to rise for a period in the hemolymph that
depends on the species.  The peak time of the activity
was 7-8 days  in two giant silkworm moths,  Hyalophora10 
cecropia and Antheraea pernyi, and was about half that
time  in  smaller  Sarnia  cynthia.  The  activity  then
declines and disappears after a time about equal  for
reaching the peak level (Boman and Hultmark, 1987).
Major  inducible  antibacterial  proteins  have  been
found in haemolymph so far are shown in Table 1.2 (Dunn,
1990).  These  proteins  are  composed  of  lysozyme,
cecropins,  attacins,  diptericins,  sapecin  and  several
others  such  as  P4,  the  last  without  demonstrable
antibacterial  activity.  The  structure,  activity  and
induced synthesis of these bacteria-elicited proteins has
been studied by some researchers.
A. Lysozyme
Lysozyme,  (muramidase; EC 3.  2.  1.  17) ,  the best known 
bacteriolytic enzyme,  was first discovered in hen egg 
white  and  many  other  tissues  (Fleming,  1922). 
Micrococcus lysodeikticus,  a Gram-positive bacteria,  is 
one  of  the  most  susceptible  microorganisms  lysed  by 
lysozyme (Fleming, 1922). 
The  presence  of  lysozyme-like  substances  in
nonimmunized and immunized insects has been reported in
several phylogenetically distant species by a variety of
authors  (Malke,  1965;  Mohrig and Messner,  1968;  Kamp,
1970; Rossignol and Lueders, 1986).  Insect lysozyme has
been fully characterized for the first time from the
hemolymph  of  Lepidopterans,  Galleria  mellonella  and11 
Bombyx mori  (Powning  and  Davidson,  1973).  So  far,
lysozyme has also been identified from the hemolymph of
the following species: Locusta migratoria  (Zachary and
Hoffmann, 1984), Spodoptera eridania (Anderson and Cook,
1979), Manduca sexta (Dunn et al., 1985).
There is a low constitutive level of lysozyme in the
hemolymph of  nonimmunized  insect  larvae  (Anderson  and
Cook,  1979;  Dunn and  Drake,  1983;  Anderson,  1984; Dunn,
1986;  Dunn  et  al.,  1987;  Kanost  et  al.,  1988;  Dunn,
1990).  The  level  of  lysozyme  increases  dramatically
following  the  injection  of  bacteria  or  bacterial
peptidoglycan  (Chadwick,  1970;  Powning  and  Davidson,
1973; Faye et al., 1975; Anderson and Cook, 1979; Dunn et
al., 1985, 1987; Kanost et al., 1988).
Lysozymes are widely distributed in nature (Fleming,
1922;  Chipman  and  Sharon,  1969),  such  as  in
bacteriophages, hen egg white, plant,' vertebrate, human
organs,  etc.  It  catalyzes  the  hydrolysis  of  the
glycosidic links between G1cNAc (N-acetylglucosamine) and
MurNAc  (N-acetylmuramic  acid)  residues  in  the
polysaccharide of the bacterial cell wall, resulting in
lysis  and bacterial  death.  The major  characters  of
lysozyme listed by Jolles (1969) are: basic protein; low
molecular weight (the highest being phage lysozyme with
18 KD); stable at high temperature and low pH; labile at
high  pH;  lysis  of  Gram-positive  bacteria  Micrococcus
lysodeikticus cells; acting on appropriate compounds to12 
release  amino  sugars.  There  are  three  groups  of
bacteriolytic  endoenzymes  which  can  degrade  the
peptidoglycan  of  bacterial  cell  wall:  carbohydrases,
acetylmuramyl-L-alanine  amidases,  and  peptidases
(Strominger  and  Ghuysen,  1967).  Carbohydrases  are
composed  of  endoacetylglucosaminidases,  endoacetyl­
muramidases, and exoacetylglucosaminidases.  Lysozyme is
included in endoacetylmuramidases.
As lysozyme from hen egg white is easy to isolate
and purify,  stable, and of rather low molecular weight
(14,500),  it  is  one  of  most  thoroughly  investigated
proteins.  The primary structure  of  the molecule  is
comprised of a single polypeptide chain, 129 amino acids
(Chipman and Sharon,  1969; Canfield, 1963).  The three-
dimensional structure of the molecule is derived from the
2-A  resolution  Fourier  map  by  X-ray  crystallography
studies  (Chipman  and  Sharon,  1969).  It  is  roughly
ellipsoidal molecule (45 by 30 by 30 A) with a deep cleft
running up one  side.  The polar  side chains  of  the
molecule are distributed on the surface in contact with
water,  while  the  nonpolar  hydrophobic  residues  are
included in the interior of the molecule and partially
lined along the cleft.  Its active center is located at a
hydrophobic cleft with strict steric requirements.  This
enzyme binds its oligo- or polysaccharide substrate in a
cleft  running  the  whole  length  of  the  peptide,
stabilizing the complex by a large number of hydrogen13 
bonds  and nonpolar  interactions with as  many  as  six
monomer  units  of  the  substrate.  The  most  stable
conformation of the substrate  is forced to distort on
binding and the energy of the complex is raised about 6
kilocalories from the ground state.  This is presumed to
lower  the  energy  of  the  transition  state  for  bond
cleavage (Chipman and Sharon, 1969).  The acetamido group
of the substrate is suggested to act as a nucleophile.
The steric catalytic center of the enzyme gives the N­
acetylmuramidase  specificity  in  the  cleavage  of  cell
walls.  Therefore,  lysozyme  specifically  work  on
polysaccharides  with  alternating  GlcNAc  and  MurNAc
residues, hydrolyzing the cell wall oligosaccharides all
the  way  down  to  the  di- and  tetrasaccharide  level
(Chipman and Sharon. 1969).
Cecropia lysozyme  has been found in the hemolymph
from nonimmunized larvae, while it might be deficient in
pupae.  The level of lysozyme can be elicited both in
larvae  and  pupae  after  injection  of  nonpathogenic
bacteria.  It has been isolated in connection with the
purification  of  cecropins A and  B  (Hultmark  et  al.,
1980).  The complete amino acid sequence of Cecropia
lysozyme and the sequence of a cDNA have been worked out.
It  is composed of  120  amino acids,  with a molecular
weight of 13.8 KD.  It is very similar to hen egg white
lysozyme at many respects.  The amino acid residues at
the catalytic site, the substrate binding groove and the14 
four disulfide bonds are essentially conserved (Engstrom
et al,  1985).  It shares 40% homology in the primary
structure with chicken egg white and human  lysozymes
(Marchalonis and Schluter,  1990).  Molecules with more
than 25% identity in amino acid sequence are suggested to
share common ancestry (Doolittle, 1989).
The cecropia lysozyme acts on a few gram-positive
bacteria  such  as  Bacillus  megaterium  and Micrococcus
luteus and gram-negative bacteria Escherichia coli D22,
an envA mutant with defective cell division.  It has also
been  found  that  cecropins A and  B  act  on  the  same
bacteria  and  no  bacterium  is  lysozyme  sensitive  and
cecropin resistant.  Therefore,  it  is  suggested that
lysozyme may not kill sensitive bacteria but removes the
murein  sacculus  which  is  left  after  the  action  of
cecropins  and  attacins.  It  is  also  suggested  that
lysozyme works synergetically with cecropins and attacins
(Engstrom et al., 1984).
Sequences studies of the N-terminal halves of the
lysozymes isolated from Bombyx mori, Galleria mellonella
and Spodoptera littoralis (Lepidoptera) reveal that they
belong to the 'c'  (chicken) type lysozyme.  Two lysozymes
with different pH optima have been found in the cricket
Gryllus bimaculatus (Schneider, 1985).  Also, there is an
enzyme referred to as a lysozyme purified from eggs of
Ceratitis capitata has a molecular weight of 23KD, which
is  about  30%  larger than other  lysozymes  (Fernandez­15 
Sousa,  1977).  However, this enzyme may be a chitinase
rather than a true lysozyme according to the substrate
specificity.
Unlike Hyalophora cecropia and other lepidopteran
species, the induction of lysozyme by bacteria has not
been observed in the hemolymph of Sarcophaga peregrina
and other dipteran species (Robertson and Postlethwait,
1986; Postlethwait et al., 1988).
B. Cecropins
Cecropins,  a  set  of  bactericidal  peptide
antibiotics, were first discovered in 1979 along with the
cecropia  lysozyme.  Cecropin A  and  B  were  isolated
simultaneously  with  the  lysozyme  (Hultmark,  et  al.,
1980).  Cecropin D, as well as three minor forms believed
to be precursors, have been found from the hemolymph of
immunized  cecropin  pupae  (Hultmark,  et  al.,  1982).
Cecropin D and B have also been found from the Chinese
oak silk moth, Antheraea pernyi  (Qu et al.,  1982).  In
addition,  cecropin-like molecules were  found  in  eight
different lepidopteran species (Hoffmann et al.,  1981),
in  Drosophila  (Flyg  et  al.,  1987;  Robertson  and
Postlethwait,  1986),  in  tsetse  flies  (Kaaya  et  al.,
1987), in darkling beetle (Spies et al., 1986), and meat
fly, Sarcophaga peregrina (Okada and Natori, 1983).
The  cecropins  are  basic  proteins  with molecular
weights around 4KD. Cecropins from Hyalophora, Antheraea,16 
Manduca, Bombyx and Sarcophaga have been sequenced.  It
is  clear that all the cecropins have an amidated C-
terminal residue.  All the cecropins are similar with a
strongly basic N-terminal region and a neutral C-terminal
region  with  a  long  hydrophobic  stretch  (Boman  and
Hultmark, 1987).  The cecropins from Hyalophora consist
of 35 or 37 amino acid residues.  Cecropin B and D share
65%  and  62%  homology with cecropin A  in  amino  acid
sequence, which suggests that they have evolved through
gene duplications.  It is inferred from the evidence of
model  building,  theoretical  predictions  and  circular
dichroism spectra that cecropin molecules can form nearly
perfect  amphipathic  a-helices  (Andreu  et  al.,  1985;
Merrifield et al., 1982; Steiner, 1982).  This secondary
structure  may  be  related  to  the  membrane-disrupting
activity of the cecropins (Boman and Hultmark, 1987).
The antibacterial activity of three main cecropins
A,  B,  and  D,  has  been assayed against ten different
bacterial  species  (Boman  and  Hultmark,  1987).
Apparently, cecropins A and B show high activity against
several Gram-positive and Gram-negative bacteria, while
the D-form is highly active only against E.  coli  and
Acinetobacter calcoaceticus.  Acinetobacter calcoaceticus
is known to be resistant to many antibiotics.  Serratia
marcescens,  Pseudomonas  aeruginosa,  and  Enterococcus
faecalis  are  occasional  insect  pathogens,  while
Xenorhabdus nematophilus and Bacillus thuringiensis are17 
obligate insect pathogens.  Xenorhabdus nematophilus is
symbiotic with a nematode that destroys the cecropins
(Gotz et al.,  1981).  Bacillus thuringiensis, resistant
to  all  cecropins,  is  widely  applied  for  biological
control  of  insects  (Burges,  1981).  In  addition,
cecropins have no effect on mammalian cell  lines nor
yeast, which suggests that they may act on prokaryotic
membranes specifically (Steiner et al., 1981).  Cecropin
from the hemolymph of Sarcophaga larvae  has a ionophore
activity.  When treated with Escherichia  coli, it causes
the  leaking  out  of  K
+  inside  of  the  cells  and  the
decreasing of the ATP pool of the cells.  Therefore, the
formation  of  the  proton  gradient  for  oxidative
phosphorylation is inhibited (Okada and Natori, 1985).
C. Attacins
The  inducible  protein  P5  from  the  hemolymph  of
immunized  cecropin pupa  is the  first evidence of the
existence of attacins (Boman and Hultmark, 1981), but no
antibacterial  activity was  found  at  that  time.  The
attacins  were  isolated  by  molecular  sieving  as  an
antibacterial fraction with molecular weights much larger
than the cecropins.  Six different components (A-F) have
been identified according to isoelectric points.  Also,
all of them react with an antiserum prepared against
protein  P5  (Hultmark  et  al.,  1983).  Five different
attacin-like peptides have also been found  in Manduca18 
sexta  by  two-dimensional  polyacrylamide  gel
electrophoresis (Hurlbert et al., 1985).  Sarcotoxins II,
a  group  of  attacin-like  proteins  were  detected  in
Sarcophaga peregrina after wounding of  the  integument
with a sterile needle (Ando et al., 1983).
It is shown by an Ouchterlony immunodiffusion that
all six attacins share one antigenic determinant, which
attacins E and F have in common with another one.  They
can  be  divided  into  two  groups  according  to the  N-
terminal amino acid composition, attacins A-D composed of
a basic group and attacins E-F composed of an acidic one.
Aspartic  acid,  glycine,  alanine,  phenylalanine  and
threonine contribute more than half of the residues in
attacins  A-F,  while  the  acidic  forms  E-F  have  more
aspartic acid, isoleucine and arginine.  The amino acid
sequences within each group are similar (Hultmark et al.,
1983).  Therefore, the existence of only two different
genes was proposed.  Isolation and sequencing of two
attacin  cDNA  clones  supported  this  hypothesis,  76%
homology in the coding region and 36% homology in the
region beyond the stop signal (Kockum et al., 1984).  The
two attacin genes may also have  arisen through gene
duplication similar to the cecropins genes (Boman, 1986).
Terminal modification may explain that six different
proteins  are produced  from two genes.  The  complete
sequence has been worked out from attacin F which is
consisted of 184 amino acid residues (Engstrom et al.,19 
1984).  It is suggested that, attacin F is derived from
attacin  E  (188  amino  acid  residues)  by  proteolytic
cleavage of a C-terminal extension and different charges
of  other  four  attacins  may  result  from  incomplete
proteolytic removal  (Kockum et al.,  1984;  Lee et al.,
1983) .
Attacins  only  attack  the  growing  cells  of
Escherichia coli not cells suspended in phosphate buffer.
Therefore, it is hypothesized that attacins function in
the cell division  (Hultmark et al., 1983).  It has been
demonstrated that the outer membrane is the target of
attacins (Engstrom et al.,  1984).  Attacins act on two
other bacteria originating from the gut of an Antheraea
larvae (Hultmark et al., 1983).
D. Other inducible factors
A series  of  inducible antibacterial proteins was
found in the fly larvae,  Phormia terranovae  (Keppi et
al., 1986).  Seven of the closely related proteins have
been purified and sequenced, which reveals that they are
different  from  cecropins  and  attacins  (Boman  and
Hultmark,  1987).  The diptericins only  act  on  Gram-
negative cells (Dimarcq et al., 1988).
Two  4-KDa  peptides  responsible  for  anti-Gram­
positive activity in terms of insect defensins have been
isolated  and  characterized  from  the  hemolymph  of
immunized  larvae  of  the  dipteran  Phormia  terranovae.20 
They  are  40-residue  positively  charged  peptides,
containing  three  intramolecular  disulfide  bonds  and
differing by one single amino acid.  Furthermore, they
have significant sequence homology to microcidal cationic
peptides from mammalian granulocytes (defensins)  (Lambert
et al., 1989).
A novel insect bactericidal protein termed sapecin
was detected from an established Sarcophaga peregrina
embryonic cell line.  Sapecin can act against both Gram-
positive bacteria (Matsuyama and Natori, 1988a) and Gram-
negative bacteria (Matsuyama and Natori, 1990).  Although
it is homologous to rabbit neutrophil defensin NP-5 in
the amino acid sequences, the tertiary structure is quite
different (Hanzawa et al.,  1990).  The three disulfides
with 40 amino acid residues of sapecin are shown to be
essential for its antibacterial activity.  It has also
been found that hemocytes of Sarcophaga peregrina larvae
synthesize sapecin after integumental wounding (Matsuyama
and Natori, 1988b).
P4,  one of the major inducible immune proteins in
cecropia pupae,  is a single polypeptide of 48KD with a
basic  isoelectric  point  (Rasmuson  and  Boman,  1979).
Thus,  no antibacterial activity or other function was
found.  The  immune  system  of  cecropia pupae  can  be
transiently turned on by an injection of P4.  There are
at least two forms of P4 existing, one of which has been
purified.  The amino acid composition and the sequence of21 
the  25  N-terminal  amino  acid  residues  have  been
determined (Andersson and Steiner, 1987).  The sythesis
of P4 is related to the basal membrane of the fat body as
well as certain hemocytes (Anderson and Cook, 1979).  P4­
like proteins composed of four different isoproteins were
also found in Manduca sexta.  They are believed to be
different from P4 (Hurlbert et al., 1985).
II. Immunity-related factors normally present in insect
hemolvmph
Prophenoloxidase  and  lectins  are  the  two  main
factors  normally  present  which  may  act  as  non-self
recognition molecules in insect hemolymph.  The synthesis
of lectins has been found to be inducible  (Boman and
Hultmark, 1987).
There is an antitrypanosomal factor in tsetse fly
hemolymph, which is able to immobilize Trypanosoma brucei
brucei.
A. Prophenoloxidase
Phenoloxidases (o-diphenol: 02 oxidoreductase, EC 1.
10.  3.  1)  are  distributed  widely  in  plants  and
invertebrates  and  stored  as  inactive  prophenoloxidase
(Brehelin,  1986;  Soderhall,  1982).  They  play  an
important  role  in  the  tanning  and  sclerotization  of
insect cuticle (Richards, 1978).  The possible defensive
function of prophenoloxidase system is suggested because22 
melanization often accompanies  insect immune reactions
(Nappi, 1975; Ratcliffe and Rowley, 1979).  This system
includes a cascade of enzymes and produces melanin as an
end product,  a dark insoluble material deposited around
microorganisms or parasites in nodules and capsules.  The
melanin might form a mechanical barrier in collaboration
with nodule-forming components, inhibiting the growth of
entrapped parasites (Boman and Hultmark,  1987).  It is
suggested  that  phenoloxidase  also  are  involved  in
cellular encapsulation (Ratcliffe, 1986) and phagocytosis
(Bayne,  1990).  Laminarin (3-glucan component of fungal
cell walls) can activate the prophenoloxidase system and
promote phagocytosis (Leonard et al., 1985).
The  purified  prophenoloxidase  from  the  silkworm
Bombyx mori has a molecular weight of 80 KD, probably a
dimer (Yoshida and Ashida,  1986).  The prophenoloxidase
reaction can be activated by bacterial peptidoglycan.  A
5-kd  peptide  is  removed  from  each  subunit  of  the
prophenoloxidase after it is activated.  The activated
phenoloxidase functions as an aggregate when it binds to
different  substrates.  Phenoloxidase  has  also  been
purified from the house  fly,  Musca domestica,  with  a
molecular weight of  about  340  KD.  Thus,  the  latent
phenoloxidase only has  a  molecular weight  of  178  KD
(Tsukamoto et al., 1986).23 
B. Lectins
Lectins  (often referred to as agglutinins)  are  a
heterogeneous  group  of  glycoproteins  with  a  highly
specific  multivalent  capacity  to  bind  to  certain
carbohydrate residues on mammalian erythrocytes (Gotz and
Boman,  1985;  Boman  et  al.,  1986).  They  are widely
distributed in the body fluids in invertebrates, and have
also been detected on the surface of plasmatocytes and
granular cells.  It is reported that synthesis of lectins
occurs in the haemocytes and the fat body cells (Komano
et al., 1981).  The lectins are believed to be involved
in the detection and neutralization of pathogenic and
nonself materials.  It has been demonstrated that the
kissing bug,  a vector for Trypanosoma cruzi,  has two
lectins that agglutinate trypanosomes  (Pereira et al.,
1981).  The  agglutinated  substances  are  more  easily
phagocytosed  or  encapsulated,  following  melanization
(Boman and Hultmark,  1987).  The in vivo function of
lectins still remains intriguing.
A lectin specific for galactose has been purified
from the hemolymph of third instar larvae of the meat fly
Sarcophaga peregrina (Komano et al., 1980).  It is absent
in normal larvae but inducible by injury of the body wall
or by injection of sheep red blood cells.  It is also
induced at the pupal stage during normal development.
The lectin molecule is composed of four a-subunits and
two /3- subunits.  There is only one mRNA for the a-subunit24 
exist in the fat body of injured larvae, suggesting a-
subunit and /3- subunit are encoded by an identical gene
and the proteolytic cleavage of a-subunit results in /3­
subunit  (Takahashi  et  al.,  1985).  The  sythesis  of
Sarcophaga  lectin  occurs  during  embryogenesis  and
pupation.  Sarcophaga lectin is suggested to play a dual
role in the production of mediators in situ, degrading
old larval tissues during the pupal growth and foreign
substances  invading  the  body  through  an  injury  site
(Takahashi  et  al.,  1986).  It  can  also  induce  the
production of an antitumor factor from a mouse-macrophage
cell line (Itoh et al., 1986).
A  lectin  has  been  purified  from  the  cricket,
Teleogryllus commodus.  It is a water-insoluble protein
with high molecular weight (Hapner and Jermyn, 1981).  A
lectin specific for galactose has been purified from the
grasshopper,  Melanoplus  sanguinipes,  with  a  molecular
weight of 590 KD.  There is a 70 KD MW subunit containing
two disulfide-linked polypeptides of  40  KD and  28  KD
within the lectin molecule (Stebbins and Hapner,  1985).
A series of isolectins have been purified from Hyalophora
cecropia  by  affinity  chromatography  on  D-GalNAc-
Sepharose.  The  isolectin molecules  are  be tetramers
composed of different proportions between A (41 KD) and B
(38 KD) subunits, with a molecular weight around 160 KD.
The  A-chain  is  specific  for  D-galactose  or  D-N­
acetylgalactosamine, while the B-chain is specific for  an25 
unknown structure on rabbit erythrocytes.  A lectin with
the  same  specificity  as  A-chain  has  been  found  in
Anthereae pernyi,  but with much lower concentration in
hemolymph (Castro et al.,  1987).  A 260 KD-lectin has
been found in peak amounts in fifth instar larvae just
before pupation from silkworm Bombyx mori, which shows
specificity  for  glucuronic  acid  (Suzuki  and  Natori,
1983).  It may play a role in metamorphosis.  A lectin­
like protein M13 was induced by bacteria in larvae of the
tobacco hornworm Manduca sexta (Hurlbert et al.,  1985).
It is involved in hemocyte-mediated coagulation in vitro
and glucose can inhibit its function  (Minnick et al.,
1986).26 
Salivary Components  Species  References 
agglutinin  various  Yorke and Macfie, 1924; 
Shute, 1935 
a-amylase  Ae. aegypti  Grossman and James, 1991 
pers. comm. 
anti-coagulant  various  Cornwall and Patton, 1914; 
Shute, 1935; Ribeiro, 
Rossignol and Spielman 1985 
apyrase  Ae. aegypti  Ribeiro, Rossignol and 
Anopheles  Spielman, 1984 
spo 
bacteriolytic factor  Ae. aegypti  Rossignol and Lueders, 1986; 
Pimentel and Rossignol, 1990 
D7 (female-specific  Ae. aegypti  James et al., 1991 
protein) 
esterase  An.  Poehling and Meyer, 1980; 
stephensi  Nakayama et a/., 1985 
Culex 
pipiens 
a-glucosidase  Ae. aegypti  Marinotti and James, 1990 
histamine  C. pipiens  Eckert et a/., 1951; 
Nakayama et al., 1985 
inhibitor  of  TNF-a  Ae. aegypti  Bissonnette, Rossignol and 
release  Befus, submitted, App 
modulator(s) of NO and  Ae. aegypti  Bissonnette, Rossignol and 
PAF release  Befus, in progress 
vasodilator  Ae.  Pappas et al., 1986 
triseriatus 
Table 1.1.  Reported secreted products of mosquito
salivary glands (Modified from James and Rossignol, 1991)27 
SPECIES  LIFE STAGE  DEFENSIVE PROTEIN  -
Hyalophora cecropia  Diapausing pupa  Lysozyme 
Cecropins 
Attacins 
P4 
Sarcophaga  Larva  Sarcotoxins I 
peregrina 
Sarcotoxins II 
Sarcotoxins III 
Sapecin 
Phormia terranovae  Larva  Diptericins 
Phormicins 
Cecropinlike 
peptides 
Manduca sexta  Larva  Lysozyme 
Cecropinlike 
peptides 
Attacinlike 
proteins 
Attacinlike 
proteins 
P4like protein 
M13 
Periplaneta  Adult  Antigen 
americana  neutralization 
factor 
Table 1.2.  Principal defensive proteins identified in
the hemolymph of insects (modified from Dunn, 1990)28 
CHAPTER 2: INDUCTION OF SALIVARY BACTERIOLYTIC ACTIVITY
IN SUGAR-FEEDING AEDES AEGYPTI
in Sugar-Feeding Aedes aegypti
Introduction
Saliva facilitates feeding behavior of mosquitoes in
two known ways: one in blood vessel location and another
in sugar-feeding.  Blood vessel location is facilitated
by a salivary anti-hemostatic apyrase (Ribeiro et al.,
1984b).  Sugar, mostly in the form of nectar and honey
dew,  provides mosquitoes with nutritional requirements
for daily survival.  Such feeding is important for  a
disease vector to  live  long enough to  oviposit,  and
possibly to bite repeatedly and to become infective  (Van
Handel,  1984).  Because the sterility of sugar sources
available in nature is doubtful, it would be beneficial
for mosquitoes to have a defensive mechanism to prevent
external invasion.  It has been found that bacteriolytic
activity in salivary glands of both male and female Aedes
aegypti may provide protection against certain bacteria
(Rossignol and Lueders,  1986)  just as the function of
lysozyme in other systems.  The salivary bacteriolytic
activity has been shown indirectly to correlate with the
sugar-feeding in teneral and normal mosquitoes (Pimentel
and Rossignol, 1990).29 
Previous experiments (Briggs,  1958; Stephens,  1959)
showed that insects given an injection of heat-killed
pathogenic  bacteria  acquire  an  immunity  against  the
viable bacterium.  Some species  of  insects have been
shown to generate an inducible immune response to foreign
materials injected into hemocoel.  It is recommended that
immunization experiments on insects be performed by using
live bacteria (Gotz and Boman, 1986), because insects are
infected by live bacteria in nature, often in low numbers
(10
2-10
4  cells) that can only be detected by viable count
assays.
Because of the possible protective function of the
salivary bacteriolytic factor,  it  is hypothesized that
there is a dose-dependent relationship between salivary
bacteriolytic activity and the concentration of bacteria
in their sugar meal.  In this study, the bacteriolytic
activity was  assayed when  female Aedes  aegypti  were
exposed  to  different  concentrations  of  Micrococcus
lysodeikticus in a meal of sucrose.
Materials and Methods
Mosquitoes
Yellow-fever  mosquitoes  (Aedes  aegypti:  Georgia
strain)  were  used  in  this  study.  Larvae were  fed
pelleted Hartz gerbil and hamster food.  Upon emergence,
female adult mosquitoes were isolated and kept in nylon30 
net  covered  cylindrical  cardboard  rearing  cages
(diameter= 8.4 cm, height = 6.6 cm).  Before different
treatments adults were fed dry sucrose; water was given
ad libitum.
Treatments
Four to six day-old mosquitoes were separated into
five groups consisting of 100 mosquitoes.  To determine
the effects of bacteria in sugar meal on the level of
mosquito  salivary  bacteriolytic  factor,  lyophilized
Micrococcus lysodeikticus (Sigma) cells were added to the
sugar meal at concentrations of 0.05%,  0.10%, 0.25% and
0.50%  (w/v).  The control group (0.00%) was only given
the basal food that consisted of a sterile  10%  sugar
solution.  The  solutions  were  administered  to  the
mosquitoes via inverted 16 ml Wheaton tubes with the open
end flush with the nylon net covering the experimental
cages.  This ensured that mosquitoes had easy access to
the sugar solutions at all times.  All sugar solutions
were dyed with 0.05%  (w/v)  Congo Red which indicated
whether  or  not mosquitoes  fed  during the  experiment.
Only those mosquitoes that  fed were  included  in  the
analyses.  After water and sugar cubes were removed for 6
hrs,  mosquitoes were exposed to  five different  sugar
solutions as above for at least 48 hrs before the first
batch  of  mosquitoes  were  taken  for  salivary  gland
extraction.31 
Salivary gland dissection
Mosquitoes  were  cold  anesthetized  and  salivary
glands  dissected  in  Hayes'  saline  (Hayes,  1953).
Microdissection  techniques  of  the  glands  have  been
described (Rossignol et al., 1984).
Seven  salivary  glands  from  each  treatment  were
extracted at 16:00 to 18:00 every other day for a 14-day
period.  Diurnal  effects  on  sugar-feeding  can  be
minimized by extracting salivary glands at approximately
the same time each day (Gillet et al., 1962).  Each pair
of salivary glands were homogenized in 10.0 ul sterile
distilled water and frozen at -70°C.
Bacteriolytic factor assay
Frozen salivary glands were thawed, then centrifuged
in a Beckman Microfuge E for 1 min.  4.0 ul of salivary
gland homogenates were inoculated into 1.0 mm diameter
wells in agarose plates.  Each agarose plate had 9.0 ml
of  0.7%  agarose  in  phosphate  buffer  (0.067M  KH2PO4­
Na
2HPO
4'  pH 6.2) in a 100 mm Petri dish with 0.25% mg/ml
M.  lysodeikticus  (Sigma)  and 0.02% sodium azide.  To
determine the bacteriolytic activity, the areas of lysis
around the  agarose wells were measured  after  a  24hr
incubation  at  25°C.  Activity was calibrated against
chicken egg white lysozyme units defined as in Rossignol32 
and Lueders  (1986).  Mortality of mosquitoes  in each
treatment were also recorded.
Data analysis
Mean levels of the salivary bacteriolytic activity
of  mosquitoes  exposed  for  14  days  to  different
concentrations  of  Micrococcus  lysodeikticus  were
calculated and statistical regression methods were used
to  look  for  relationships  between  the  level  of
bacteriolytic factor in the mosquito salivary glands and
the concentration of Micrococcus lysodeikticus  in the
sugar solution.
Results
The mean salivary bacteriolytic activity in  a  12
days period of mosquitoes  exposed to five different
concentrations  of  Micrococcus  lysodeikticus  in  the
sucrose meal is shown in Fig. 2.1.  The R-square of the
logarithmic regression for these five different levels
was 0.73, suggesting that logarithmic regression can be
applied.  Obviously  the  mean  salivary  bacteriolytic
activity of mosquitoes exposed to higher quantities of
bacteria  were  correspondingly  higher  than  that  for
mosquitoes exposed to lower quantities of bacteria in
their sugar meal.  There is a trend of levelling off when
the concentration of Micrococcus lysodeikticus  in  the
sucrose  meal  exceeded  0.6  g/100  ml,  suggesting  the33 
existence of the maximum level of bacteriolytic factor in
mosquito salivary gland.
One  way  ANOVAT  for  the  different  levels  of
bacteriolytic activity provide a F-ratio of 6.406  (P  <
0.0001) at the 95% confidence level  (Table 2.1).  This
showed a significant difference between groups.  Multiple
range analysis  (Table  2.2)  further validated that the
bacteriolytic level in mosquito salivary glands exposed
to different levels of Micrococcus lysodeikticus in sugar
meal were different.
Mortality data for all the treatments showed that
mosquitoes  exposed  to  the  highest  concentration  of
Micrococcus lysodeikticus in the sucrose meal showed the
least mortality  (Table 2.3).  The least mortality was
also shown at the second lowest concentration of bacteria
in the sucrose meal,  suggesting that the mortality of
mosquitoes in the different treatments was distributed
randomly.
Discussion
We demonstrate for the first time that an insect
exocrine  immune  factor,  a  bacteriolytic  factor  is
inducible by oral challenge.  The higher quantities of
bacteria in the sugar meal, the higher the levels of a
bacteriolytic factor  in the salivary glands of female
Aedes aegypti.34 
The bacteriolytic factor  is  involved  in mosquito
sugar-feeding  by  sterilizing  sugar  meals  in  nature
(Rossignol and Lueders, 1986).  The factor is known to be
located in a cell type in both the salivary glands of
male mosquitoes and in the basal regions of the salivary
glands, as well as the crops of females.  Salivary glands
are histological mature three days after emergence (Orr
et al.,  1961).  The bacteriolytic activity in  female
Aedes  aegypti  salivary glands  is  at  a  low  level  at
emergence,  increases 6-fold over the first  3  days and
then remains relatively constant (Pimentel and Rossignol,
1990).  Therefore, female adult mosquitoes older than 4
days were chosen for these experiments.
The duration of an inducible immune response in any
animal is related with the life span and the reproductive
rate of the animal.  The fast immune response is built on
RNA and protein synthesis,  while the  slower response
relies on cell proliferation.  Insects, with short-life
span and thousands of progeny have developed fast and
unspecific responses based on RNA and protein synthesis
(Boman and Hultmark, 1987).
Insects have cuticle and other passive structural
barriers against penetration of the hemocoel by pathogens
and  endoparasites  (Dunn,  1986).  Vertebrates,  in
contrast,  provide many avenues for invading organisms.
The hemolymph  of  insects  contains  a  low constitutive
level of lysozyme and which increases many fold after35 
injection of bacteria into hemolymph (Boman et al., 1986;
Dunn, 1986).  The inducible mechanism of immune proteins
provides effective protection for  insects  against the
invasion of pathogen.
In nature,  the pathogenic organisms may possibly
gain an easy entrance into insects by the intake  of
contaminated  food.  As  in  the  case  of  mosquitoes,
mosquito-borne pathogens are transmitted via saliva.  The
synthesis of a bacteriolytic factor in the salivary gland
may be protective especially for newly-emerged mosquitoes
(Pimentel and Rossignol, 1990).  It has not been reported
that the hemolymph of mosquitoes has any bacteriolytic
factors.  Because, the bacteriolytic factor in mosquitoes
functions as lysozyme in other insects, it is reasonable
to infer that the bacteriolytic factor is also inducible.
As expected, the induction of a bacteriolytic factor is
validated in our experiment.  Phagocytosis can deal with
of low levels of bacteria, while the induction of the
humoral immune system may be needed to eliminate higher
doses of bacteria.  The starting signal may move to the
fat body from phagocytosing cells and program certain
cells for the selective synthesis of the immune proteins
(Boman and Steiner, 1981).  Therefore, the maximum level
of bacteriolytic activity is consistent with the gland
physiology.
There  may  be  several  reasons  for  the  random
distribution  of  mortality.  First,  Micrococcus36 
lysodeikticus is not a pathogenic bacterium.  Second, the
sensitivity  of  individual  mosquitoes  to  bacteria  is
different.  The  response  to  pathogenic  bacteria  for
mosquitoes needs to be investigated.
In conclusion, mosquito saliva does serve as a food
sterilizing  agent  against  the  Gram-positive  bacteria
Micrococcus lysodeikticus.  It has been shown that the
level  of  bacteriolytic  activity  is  not  mediated  by
juvenile hormone  (Pimentel and Rossignol,  1990).  The
ingestion  of  different  types  of  meal  by  the  female
mosquitoes  may  affect  salivary  secretory  activity
(Marinotti et al., 1990).  The regulation system and the
location synthesis of the bacteriolytic factor is still
not clear.- - -
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Fig. 2.1.  Mean salivary activity in a 12-day period of
female  Aedes  aegypti  exposed  to  five  different
concentrations of  M.  lysodeikticus  in the sugar meal.
(Logarithmic regression, r2 = 0.73).38 
ANOVA (conf. level 95%)
Source of variance  SSR  F-ratio  Sig. level 
between groups  0.24  6.4  0.0001 
within groups  4.04 
Table  2.1.  One-way  analysis  of  variance  for  five
different salivary bacteriolytic activity of adult female
Aedes  aegypti.  There  are  100  mosquitoes  in  each
treatment.39 
Multiple Range Analysis
Method level 
1 
. 
95% count 
97 
Intervals 
homogeneous groups 
* 
3  92  ** 
2  97  ** 
4  96  ** 
5  84  * 
Table 2.2.  Multiple range analysis for five different
levels of salivary bacteriolytic activity of adult female
Aedes aegypti.40 
DAYS 
Treatment  2  4  6  8  10  12  14  Total 
M. lyso.  # 
w/v  mosq. 
0.00%  0  0  0  0  1  0  1  2 
0.05%  0  0  0  0  1  0  0  1 
0.10%  1  0  1  1  0  0  1  4 
0.25%  0  2  2  1  1  0  2  8 
0.50%  0  1  0  0  0  0  -­ 1 
Table 2.3.  Mortality of mosquitoes to five different
There are 100 of concentrations of M.  lysodeikticus.
four  to  six day-old female mosquitoes  in  each group
before treatments.41 
CHAPTER 3: INVESTIGATION OF BACTERIOSTATIC ACTIVITIES IN
THE SALIVARY GLAND OF FEMALE AEDES AEGYPTI
Introduction
Antibacterial  factors  in  insects  with  properties
other than those of lysozymes have also been reported.
Most of these factors have been found to be  of  low
molecular weight, heat-stable, acidic molecules of non­
protein nature, as small basic proteins or cofactors or
as heat-sensitive proteins (Boman, 1986).  Bacteriostatic
factor,  attacins were first isolated from Cecropia  in
1983  by  molecular  sieving  (Boman,  1986).  The
antibacterial spectra of attacins includes Gram-negative
Escherichia  coli.  Cecropins also  show high activity
against E. coli.  In other invertebrates, bacteriostatic
factors against Gram-negative bacterial strains have been
reported in the coelomic fluid of two kinds of earthworm,
Eisenia foetidia and Lumbricus terrestris.  Antibacterial
activity  against  Gram-negative  bacteria  has  not  been
reported in mosquito saliva.  The objective of this study
was to investigate the presence of bacteriostatic factors
in the salivary glands of the mosquito, Aedes aegypti,
against E. coli.42 
Materials and Methods
Mosquito
5-7 day old female mosquitoes, Aedes aegypti were
used in this study.  Rearing procedures were described by
Pimentel and Rossignol (1990).
Bacteria
Escherichia coli K-12 C600, wild type strain, were
used in this study.
Preliminary procedures
Bacteria, E. coli K-12 C600, were grown overnight in
TBY medium  (10g of Trypton,  5g of NaC1,  5g of yeast
extract  per  liter  distilled  H20;  all  from  Difco
Laboratories) in a 37°C shaking water bath.
I.  After mixing 1 ml TBY and 200 ul saturated E.
coli culture in two glass tubes,  4  pairs of salivary
gland (a volume of 9 ul out of each 10 ul salivary glands
collection represented one pair of salivary glands) and
equal volume of sterile distilled water were added to the
mixture respectively.  Then the mixtures were incubated
in a 37°C shaking water bath for 40 min.  The absorbance
at  570  nm  was  determined  using  a  Beckman  DU-64
spectrophotometer.
II.  After mixing 1 ml TBY and 5 ul of saturated E.
coli culture in 20 Eppendorf tubes,  2  salivary glands43 
were added to each of 10 Eppendorf tubes with an equal
volume of sterile distilled water. was added to each of
10 Eppendorf tubes.  The incubation proceeded in a 37°C 
shaking  water  bath.  The  turbidity  at  570  nm  was 
monitored  every  15  min  by  spectrophotometry.  This 
experiment was performed twice.
III. The saturated E. coli culture was centrifuged
at 4,000 g for 15 min.  The precipitate was kept and
suspended with cold sterile 0.067 M K-Na phosphate buffer
(pH 7.0).  The absorbance at 570 nm of the suspension was
adjusted to 0.3-0.5.
After mixing 700 ul altered TBY (10 g of Trypton,
g of NaC1 and 5 g of Yeast extract per liter 0.067 M K-Na
phosphate  buffer,  pH  7.0)  and  different  levels  of
salivary glands (0,  2, 4, and 8 pairs of salivary glands)
in Eppendorf tubes separately,  10 ul suspended E.  coli
solution was added to each of  the tubes.  Different
volumes of sterile distilled H2O were then added to keep
the same volume in all the tubes.  The incubation was
done the same as above and the turbidity was monitored.
This experiment was performed twice.
Final bacteriostasis assay
I.  Ten salivary glands were collected in 100 ul
sterile distilled water and stored at  -70°C.  Frozen
salivary glands were thawed and centrifuged in  a Beckman
Microfuge ETM  for 1 min.  The supernatant was poured out
5 44 
and sterilized by filtration through 0.22 um Millipore
filter and used immediately.
Different levels of salivary glands (2 controls,  2,
4, and 8 salivary glands equivalents) were added to 700
ul TBY in 0.067M K-Na phosphate buffer in 50 Eppendorf
tubes.  10 ul of the suspended E.  coli was applied to
each of the 50 tubes at the same time.  The incubation
proceeded in a 37°C shaking water bath.  The turbidity
was monitored every 15 min in a spectrophotometer.
II.  20 salivary glands equivalents and equal volume
of sterile distilled H2O were added to the mixture of 700
ul  TBY  in  0.067  M K-Na  phosphate  buffer  and  10  ul
suspended E. coli solution.  The incubation was done as
above.  The absorbance at 570 nm were determined after 0,
20 45 min's incubation by  spectrophotometry.
Results
Preliminary experiments
I.  After 40 min incubation, the absorbance of the
control and sample were 0.683  and 0.616 respectively.
This suggests that there is something in the saliva which
can inhibit the growth of E. coli.
II.  Bacteriostatic activity of mosquito salivary
glands against Gram-negative bacteria, E. coli was shown
between 40 min and 80 min in Fig. 3.1.  The growth rate
of E. coli in the samples was slower than that of control
between 40 min and 80 min.  After 80 min incubation, the45 
growth rate of E.  coli  in control and samples became
identical  again.  The  bacteriostatic  activity  was
relatively weak.  Although the same procedure was applied
for the replicate,  different results were obtained as
shown in Fig.  3.2.  No inhibitory effect for the growth
of E. coli was shown in the replicate.  Several reasons
may  explain  the  inconsistent  results.  Physiological
states of saturated E. coli culture are uneven which may
result in some difference of growth of E. coli.  The pH
of the reaction mixture was not consistent, which may
also cause the different result.
III.  The effects of different levels of salivary
glands on the growth of E. coli are shown in Fig.  3.3.
The zone of inhibition ranges from 50 min to 80 min.  The
higher the level of salivary glands,  the stronger the
inhibition effect.  This is consistent with the results
shown  in  Fig.  3.1.  However,  different  results were
obtained in a subsequent experiment  (Fig.  3.4).  It is
difficult to explain this discrepancy.  A most likely
explanation is the contamination during the collection of
salivary glands.
Final bacteriostasis assay
I.  Fig. 3.5 shows that different levels of salivary
glands had no effect on the growth of E. coli, since the
samples of 2,  4  8 salivary glands equivalents had almost
identical E. coli growth curves as that of the control.46 
II.  Fig.  3.6  represents  a  further  trial.  The
difference in absorbance at 570 nm between the sample
(with 20 salivary glands equivalents in) and the control
after 45 min's incubation was only 0.002.  Compared to
the data in Fig.  3.  5,  it can be concluded that the
bacteriostatic activity of mosquito saliva on the growth
of E. coli was not detectable in my study or it might not
exist in the salivary glands of female mosquitoes.
Discussion
Experiments indicate that no bacteriostatic activity
against Gram-negative E.  coli  exists  in  the  salivary
gland of female A.  aegypti.  No difference in E.  coli
growth was detected between the control and different
levels of salivary glands treatments, ranging from 2 to
8.  Positive preliminary results were not repeatable.
Bacteriostatic activities have been found  in  the
hemolymph of some insects.  Attacin,  a bacteriostatic
factor against Gram-negative E. coli has been found in
the hemolymph of immunized diapausing pupae of Hyalophora
cecropia (Hultmark et al., 1983).  It is also suggested
that  attacin  facilitates  the  action  of  cecropin  and
lysozyme in Cecropia pupae, thereby enabling these three
immune proteins to work in consonance (Engstrom et al.
1984).  Attacin has been demonstrated to act on the outer
membrane of E. coli.  A similar compound in the blowfly,
the diptericin,  is  also  only active  on Gram-negative47 
bacteria (Dimarcq et al.,  1988).  An inducible immunity 
against  E.  coli  has  been found  in  the hemolymph  of 
Manduca  sexta  (Dunn  and  Drake,  1983),  Samia  cynthia 
(Boman et al., 1978), Bombyx  mori (Kinoshita and Ingue,
1977) and Drosophila melanogaster (Boman et al.,  1972).
The diverticulum contents and the diverticulum itself of
female sandflies, Phlebotomus papatasi, where sugar meals
are stored, can inhibit the growth of E. coli (Schlein et
al. 1985).
In the case of mosquitoes, arthropod-borne pathogens
have to enter the host mainly via the salivary glands.
The salivary glands of mosquitoes play an important role
in sugar feeding and blood vessel location  (James and
Rossignol, 1991).  A bacteriolytic factor has been found
(Rossignol  and Lueders,  1986)  and  isolated  (Pimentel,
1991; OSU Ph.D. thesis) from the salivary glands of adult
mosquitoes.  This factor acts on Gram-positive bacteria
Micrococcus lysodeikticus as related to sugar feeding of
mosquitoes.  Gram-negative bacteria abound  in  nature.
Therefore,  it  is  reasonable  to  postulate  that  some
factors  might  exist  in  mosquito  salivary  glands  to
protect them from Gram-negative bacteria in food sources
as complementay to a bacteriolytic factor.
Although  a  bacteriostatic  activity  in  female
mosquito salivary glands has not been detected in  our
experiment,  several  possibilities  still  exist.
Bacteriostatic activity in mosquito salivary glands might48 
be  inducible and  induction experiments  are needed to
validate this possibility.  The low constitutive level of
bacteriostatic  factors  might  be  heat  sensitive  and
detectable only at lower temperature.  Alternatively, a
different strategy against Gram-negative bacteria might
exist in mosquitoes.49 
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